Background: The majority of patients having a diagnosis of Hü rthle cell neoplasm (HCN) on fine-needle aspiration (FNA) of a thyroid nodule have a diagnostic thyroid lobectomy to make the final diagnosis. If the nodule is malignant, they require a completion thyroidectomy. The objective of this study was to devise a simple clinical scheme capable of predicting malignancy in patients with cytologic diagnosis of HCN and, therefore, guide the extent of initial thyroid surgery. Methods: A total of 57 patients who underwent thyroid surgery after an FNA diagnosis of HCN were retrospectively studied. The patients were examined for clinical features, preoperative imaging studies, and pathology reports. The risk of malignancy was calculated using a multiple logistic regression model. Results: The overall rate of malignancy in patients with HCN was 46% (26/57). The predictors of malignancy based on multiple logistic regression analysis were tumor size >1.5 cm (odds ratio [95% confidence interval] ¼ 8.0 [1.9-33.4]) and patient age >45 years (odds ratio [95% confidence interval] ¼ 2.3 [0.6-8.6]). In patients with nodules larger than 1.5 cm, the predicted probability of malignancy was greater in patients over 45 years than in younger patients (65% for >45 years vs. 44% for 45 years). In patients with a nodule 1.5 cm or less, the probability of malignancy was relatively low and not significantly different between the two age categories (18% for >45 years vs. 10% for 45 years). Conclusions: This study suggests that tumor size and age can be integrated into decision making for patients with an FNA diagnosis of HCN to facilitate patient selection for surgical referral and, particularly, to determine in which patients a thyroidectomy rather than a lobectomy should be the initial surgery.
Introduction
H ü rthle cells, also known as oxyphil cells or oncocytes, are large, polygonal cells with an eosinophilic granular cytoplasm due to the presence of abundant mitochondria. Hü rthle cells can be present in both benign and malignant lesions of the thyroid, including Hü rthle cell adenomas (HCAs), Hü rthle cell carcinomas (HCCs), hyperplastic nodules in chronic lymphocytic thyroiditis, adenomatous/ multinodular goiters with Hü rthle cell metaplasia, and other differentiated thyroid carcinomas (1) .
Hü rthle cell neoplasm (HCN) is an encapsulated tumor consisting of predominantly (over 75%) Hü rthle cells. Since HCC usually appears cytologically identical to HCA, fineneedle aspiration (FNA) is unable to differentiate between malignant and benign HCN. Therefore, FNA diagnosis of HCN is classified as indeterminate for malignancy. HCC represents *3% of differentiated thyroid carcinomas with clinically aggressive behavior compared with papillary and follicular carcinoma, and it has a relatively high prevalence of metastases, a lower survival rate, and decreased avidity for 131 I (2-4). To date, there are no absolute preoperative or intraoperative methods that can reliably differentiate between benign and malignant HCN (5) . Given the aggressiveness of HCC, a majority of cases diagnosed as HCN undergo diagnostic thyroid lobectomy, and in cases of HCC, clinicians prefer to perform a complete total thyroidectomy (6) . A few studies have reported on clinical predictors of malignancy in patients with an FNA diagnosis of HCN. Clinical features such as male gender, old age, large tumor size and some FNA features of small cell dysplasia, large cell dysplasia, and nuclear crowding have been reported to be associated with malignant nodules (7) (8) (9) (10) (11) . However, these findings have not been confirmed by other investigators (12) . Disagreement on the usefulness of specific features is partly due to the small number of cases and inconsistent cytologic criteria of HCN among studies.
The main drawback of routine diagnostic thyroid lobectomy in patients with HCN by FNA is that many patients need subsequent completion thyroidectomy in case of malignancy. Many experts emphasize that FNA results should be interpreted in light of clinical features. Likewise, the systematic combination of clinical features with an FNA result has been shown to increase the accuracy of FNA biopsy results alone (13) . The objective of this study was to devise a simple clinical scheme capable of predicting malignancy in patients with an FNA diagnosis of HCN.
Materials and Methods

Case selection and evaluation
After approval was obtained from the Institutional Review Board at Seoul National University Hospital, a retrospective computerized search was carried out of all thyroid FNAs performed at the Seoul National University Hospital between March 1997 and November 2008. A group of 82 patients with an FNA diagnosis of HCN was identified. Among them, 57 (70%) received subsequent surgical excision, and surgical histopathological diagnoses were identified.
The patients' clinical features including age, gender, preoperative serum thyroid-stimulating hormone (TSH) level, and thyroid hormone therapy were reviewed. Preoperative imaging studies were also analyzed, including ultrasound or computed tomography, thyroid scintigraphy, FNA reports, and final pathology reports. The size of the nodule was measured as the longitudinal diameter from preoperative ultrasound or computed tomography.
The normal range for the highly sensitive serum TSH assay used was 0.4-4.1 mIU/L. Patients with a serum TSH level >4.1 mIU/L or on preoperative thyroid-hormone-replacement therapy were considered hypothyroid cases, and patients with a TSH level <0.4 mIU/L were considered hyperthyroid cases. Patients with a normal serum TSH level who were not receiving thyroid-hormone replacement therapy were categorized as euthyroid.
Thyroid FNAs were performed by an endocrinologist or radiologist. Cytologic criteria used for the diagnosis of HCN included a cellular specimen, a monotonous population of oncocytic/Hü rthle cells (>75% of the specimen) associated with little or no background colloid, and the absence of nuclear features of papillary thyroid carcinoma. Specimens interpreted as suspicious for adenomatous goiter with Hü rthle cell metaplasia or with coexisting background chronic lymphocytic thyroiditis were excluded (7, 14) .
Pathology reports were reviewed to identify the pathology of the primary (index) nodule. Incidentally, detected cancer was not included in this study. HCA was defined as an encapsulated tumor consisting exclusively or predominantly of Hü rthle cells. HCC was defined as HCN with full thickness invasion through the capsule or vascular invasion or metastatic disease (11, 15) .
Statistical analysis
Clinical and radiologic features were compared between patients with benign and malignant histology at the time of thyroidectomy. Data for age were expressed as means AE standard deviation. Data for nodule size that were not normally distributed were presented as medians and ranges. For four cases, size data from preoperative imaging were not available. Accordingly, they were considered as a missing value. Student's t-test and the Mann-Whitney U test were used to compare the mean values of continuous data. For a univariate analysis, the Fisher's exact and chi-square tests were used to determine the statistical significance of differences in categorical data observed between groups. The linear trends of the effect of nodule size and patient age on the rate of malignancy were separately tested using logistic regression models.
We used logistic regression to construct receiver operating characteristic (ROC) curves as well as to estimate the area under the curves of nodule size and age to assess the ability of these clinical parameters to predict malignancy. ROC analysis allowed the determination of the optimal cutoff for nodule size and age to maximize accuracy (16) (17) (18) . The diagnostic accuracy of nodule size and the age parameters for predicting malignancy were determined using the area under the ROC curve (Fig. 2) . For multiple analyses, a logistic regression model was fit to the data by adjusting for all significant covariates identified from the univariate analysis. The associations between factors of interest and malignancy risk were estimated as odds ratios (ORs) and 95% confidence intervals (CIs). The Hosmer-Lemeshow goodness-of-fit statistic ( p > 0.05) was used to evaluate model fit (19) .
We classified the patients into four groups according to nodule size and age cutoff to maximize the clinical availability of the prediction model. We used the model to calculate the predicted probability of malignancy in each patient group. All statistical analyses were performed using SPSS for Windows, version 17.0 (SPSS, Chicago, IL).
Results
Patient diagnoses and clinical characteristics
In this study of 82 patients with an FNA diagnosis of HCN, 57 (70%) received subsequent surgical excision and 25 patients did not. There were no significant differences in terms of age, gender, nodule size, or preoperative radiologic features between patients undergoing surgical excision and those who did not (data not shown). For the majority of patients, the reason for not proceeding to surgical removal was listed in the medical record as patient preference. From those 25 cases who did not undergo surgery, nodule sizes of 10 cases were followed up in outpatient clinics (mean follow-up duration of 17.2 months). Nodules in three cases decreased over 20% in the main cystic portion (21 months), nodules in two cases increased over 20% (mean follow-up duration of 23.5 months), and nodules in five cases remained unchanged (mean follow-up duration of 12.4 months). No clinically aggressive lesions including metastases were reported.
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After undergoing thyroid resection, 26 patients (46%) received a final diagnosis of malignancy. There were 10 HCC (39%), 9 papillary carcinomas (34%), and 7 follicular carcinomas (27%). The benign histological diagnoses included 19 HCA (61%), 9 benign thyroid nodules (29%), 2 follicular adenoma (7%), and 1 case of chronic lymphocytic thyroiditis (3%).
The clinical characteristics were compared between benign and malignant nodules and are presented in Table 1 . Patients with malignant nodules were significantly older than those without nodules. The relationship between age and rate of malignancy is displayed in Figure 1A . Although older patients were more likely to have a malignant thyroid nodule, the linear relationship across the category of age was not evident after adjustment for nodule size ( p for trend ¼ 0.078). The majority of patients were women (79%), and there were no differences in gender between the two groups.
The nodule sizes ranged from 0.8 to 6.7 cm (median 1.9 cm). The nodule size was significantly greater in patients with a malignant nodule compared with those with a benign nodule ( p ¼ 0.01). A significant positive linear relationship was documented between the rate of malignancy and nodule size ( p for trend ¼ 0.016, Fig. 1B ). The prevalence of malignancy was 0% (0/6) in nodules 1.0 cm and 20% (3/15) in nodules measuring 1.0-1.5 cm. The rate of malignancy in larger nodules measuring 1.6-2.0, 2.1-2.5, and >2.5 cm was increased to 67% (6/9), 50% (4/8), and 60% (9/15), respectively.
Other clinical and radiologic features, such as thyroid nodules detected by health care workers, thyroid function, hardness of the nodule to palpation, and the scintigraphic coldness of nodule, were not associated with malignancy. Certain sonographic features, such as hypo-echogenicity, irregular margins, and the presence of calcification, were suggestive of malignancy in thyroid nodules (20) . However, these sonographic findings were not significantly different between malignant and benign Hü rthle cell nodules.
ROC curve analysis
We chose to derive a predictor for malignancy based on nodule size and patient age. The rate of malignancy was significantly higher when the nodule was larger than 1.5 cm (65% vs. 20%, p ¼ 0.001). Older age (>45 years) also tended to be more common in cases of malignant nodule, although it did not reach statistical significance (54% vs. 30%, p ¼ 0.08). The cutoff value of age over 45 years was 77% sensitive and 45% specific for predicting malignancy (Fig. 2) . Similarly, a nodule size larger than 1.5 cm was 86% sensitive and 58% specific. The group of patients older than 45 years with a thyroid nodule larger than 1.5 cm had 68% sensitivity and 74% specificity. Treating them as continuous variables, the 
Risk assessment by a multiple logistic regression model
We conducted multiple logistic regression analysis by including nodule size and patient age, which were identified as predictors of malignancy based on univariate analysis. Nodule size and age were analyzed both as continuous and as categorical variables ( Table 2 ). The predictors of malignancy included nodule size >1.5 cm (OR ¼ 8.00, 95% CI ¼ 1.92-33.37, p ¼ 0.004) and patient age >45 years (OR ¼ 2.25, 95% CI ¼ 0.59-8.61, p ¼ 0.238). Nodule size remained a significant independent predictor. After adjustment for nodule size, the association with age was attenuated ( p ¼ 0.238 for age >45 years). Age, a statistically not significant predictor, was included in the prediction model due to the adjusted effect of age (OR ¼ 2.25 for age >45 years) being clinically meaningful, and the number of study participants was not sufficient to achieve statistical power due to the rarity of HCN. Hence, the prediction model consisted of age and nodule size. We did not factor irregular margins and calcification into the prediction model due to missing data regarding sonographic findings. The p-value of the Hosmer-Lemeshow goodness-of-fit test was 1.00, and the relationship between nodule size and age was not statistically significant. Finally, we classified the patients into four risk strata according to nodule size and age cutoff to maximize the clinical availability of the prediction model. The model provided moderate discrimination between patients with benign versus malignant nodules (area under the ROC curve ¼ 0.760, 95% CI ¼ 0.629-0.891). The predicted probability of each group is presented in Figure 3 . In patients with nodules larger than 1.5 cm, the predicted probability of malignancy was greater in patients aged over 45 years than in younger patients (65% for >45 years vs. 44% for 45 years). In patients with nodule size 1.5 cm or less, the probability was relatively low and not different between the age categories (18% for >45 years vs. 10% for 45 years).
Discussion
HCNs are rare thyroid tumors and are classified as subtypes of follicular-derived tumors, composed of oncocytic/ Hü rthle cells (21) . It is difficult for clinicians to classify this tumor as malignant or benign before surgery. In this study, we devised a simple clinical classification scheme by integrating clinical features to estimate the risk of malignancy in patients with HCN.
Surgical follow up was conducted in 70% (57/82) of patients cytologically diagnosed with HCN. Among these patients, 46% (26/57) were classified as having a malignant nodule. The malignancy rate in the present study is higher than that of previous reports of surgical follow up of HCN on 
FIG. 2.
Receiver operating characteristic (ROC) curves in 57 patients with a fine-needle aspiration diagnosis of Hü rthle cell neoplasm. The model applied includes nodule size plus age (solid line), nodule size alone (dotted line), and age alone (broken line) for the detection of malignant nodules. An age older than 45 years is 77% sensitive and 45% specific for predicting malignancy; a nodule size larger than 1.5 cm is 86% sensitive and 58% specific.
FIG. 3.
Results of multiple analysis showing the predicted probability of malignancy in Hü rthle cell neoplasm for each group of patients based on nodule size and age.
FNA (16%-45%) (7) (8) (9) (10) 12) . Inconsistent cytologic criteria of HCN among studies might account for the wide range in the rate. The inclusion of a significant number of patients with benign thyroid disease can markedly alter the prevalence of malignancy. Studies that include multiple Hü rthle cell nodules found in the context of goiter or chronic lymphocytic thyroiditis indicate that >80% of HCNs are benign (1, 12) . In this study, to rule out benign lesions with Hü rthle cell changes, patients with FNA findings of an adenomatous nodule or chronic lymphocytic thyroiditis were excluded (14) . Eight patients were excluded due to a cytologic diagnosis of an adenomatous goiter with Hü rthle cell metaplasia; their surgical pathology follow up showed two cases (25%) of malignant nodules. Selection bias involved in referring patients for surgery might affect the malignancy rate. However, there were no statistically significant differences in terms of age, gender, nodule size, and sonographic findings between patients who underwent surgery and those who did not.
The most significant predictor of malignancy in this study was nodule size. We found a strong positive correlation between nodule size and the rate of malignancy. HCCs have been reported to be generally larger than HCAs (12) , and several authors have reported an association between tumor size and malignancy rate in HCN (7, 22, 23) . In a study of 109 FNA cases of HCN, Giorgadze et al. (7) reported that the risk of malignancy was greater in nodules larger than 2 cm, whereas some others have not found this association to be significant (12) . In this study, patients with a larger nodule size (>1.5 cm) had a higher incidence of malignancy compared with patients with smaller nodules.
Aspirates from papillary thyroid carcinoma can demonstrate a predominance of oncocytic follicular cells (1, 24) and, accordingly, those cases can be misdiagnosed as HCN. Since papillary carcinoma can be as small as a few millimeters, the inclusion of papillary thyroid carcinoma in a group can change the average tumor size. In a study of 57 cases of HCN that reported no papillary carcinoma in the final pathology, the mean tumor size in malignant cases was 5.1 cm (9). In our study, nine cases (34% of malignant cases) were diagnosed as papillary carcinoma after pathology follow up, similar to the 23%-50% rate seen in previous studies (7, 8, 25) . Surgical specimens of those cases were compatible with oncocytic variants of papillary carcinoma. The mean nodule size of patients with papillary carcinoma in the final pathology was smaller than that of patients with HCC or follicular carcinoma, although statistically insignificant (2.0 vs. 2.9 cm).
It has also been shown that thyroid malignancy, especially the Hü rthle cell type, is more common in older patients (8, 22) . A previous study reported that patients older than 40 years with a diagnosis of HCN had a higher rate of malignancy than those <40 years (7), although others have not found the same association (23, 26) . In our study, patients older than 45 years had a higher rate of malignancy than those 45 years. Interestingly, among 13 patients older than 60 years, the malignancy rate rose to 69%, a finding which suggests that age is a more significant risk factor for malignancy at the extremes of age (27) .
So far, only a few studies have attempted to integrate multiple clinical features and FNA results in an evaluation of thyroid nodules diagnosed as follicular neoplasm (27, 28) , and none have been in patients with HCN. In a study of patients with an FNA diagnosis of follicular neoplasm, Tuttle et al. (27) integrated the clinical features of gender, nodule size, and characteristics of thyroid gland by palpation and reported the post-test probability of malignancy to be 3%-77%. In the present study, when we combined the information of nodule size and age, the discriminative power of the final model evaluated by the ROC curve showed an area under the curve of 0.760, making it a reasonable diagnostic test for predicting malignancy. This study makes use of the widely accepted multiple logistic regression model as a means to combine two clinical variables into a rapid estimation of the probability of malignancy for a specific patient.
This simple clinical scheme could also be useful for determining the extent of initial thyroidectomy. Patients with a small nodule ( 1.5 cm) have a relatively low risk of malignancy (<20%), and diagnostic lobectomy would be enough to rule out malignancy in these patients. In contrast, diagnostic surgical resection should be recommended to patients with a larger nodule (>1.5 cm). Specifically, the predicted probability reached 65% in patients older than 45 years with a large tumor size over 1.5 cm. For these patients, consideration should be given for an initial total thyroidectomy to avoid additional surgery.
This study has some limitations that are important to note. The cutoff values of age and nodule size in the prediction model were determined based on ROC analysis. Such an outcome-based method was known to inflate type I error (29) . However, the goal of this study was not to verify significant factors but rather to estimate the probability of malignant HCN. Thus, the prediction using the cutoff values from ROC analysis may increase the prediction accuracy, although the p-values provided in Table 2 may be inflated. Also, the optimal cutoff values could not be validated in this study due to the small amount of data.
In conclusion, two simple clinical features, nodule size and age, can be combined with an FNA diagnosis of HCN to estimate the probability of malignancy. This simple risk stratification scheme may help clinicians make better decisions for surgical referral and, particularly, for determination of the extent of initial thyroid surgery.
